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ABSTRACT 

Advances in targeted therapy and precision medicine have revolutionized cancer treatment by focusing on 
therapies that specifically address the molecular and genetic abnormalities driving tumor growth. This review 
explores the mechanisms underlying targeted therapies, including small molecule inhibitors, monoclonal 
antibodies, antibody-drug conjugates, and gene editing technologies. The integration of precision medicine, which 
tailors treatments based on detailed molecular profiling of tumors, has led to significant breakthroughs such as 
next-generation inhibitors, improved antibody-drug conjugates, and innovative RNA-based therapies. Despite 
these advances, challenges such as resistance mechanisms, adverse effects, and high costs remain. Future directions 
include the incorporation of artificial intelligence for drug discovery, expansion of precision oncology, and 
development of novel therapeutic modalities. A comprehensive literature review and expert consultation to 
synthesize current advancements and identify future research opportunities was utilised in writing this review 
article. This article aims to provide insights into how targeted therapy and precision medicine are transforming 
cancer treatment and outlines the path forward for achieving more effective and personalized cancer care. 
Keywords: Targeted Therapy, Precision Medicine, Genomic Profiling, Antibody-Drug Conjugates (ADCs), 
Artificial Intelligence. 


INTRODUCTION 
The landscape of cancer treatment has undergone a outcomes and minimizing unnecessary toxicity [10— 
profound transformation with the advent of targeted 12]. Recent advancements in genomic sequencing, 
therapy and precision medicine. Traditionally, biomarker identification, and drug development have 
cancer treatments such as chemotherapy and significantly expanded the scope of targeted 
radiation were designed to kill rapidly dividing cells therapies, leading to notable successes in treating 
indiscriminately, often leading to significant various cancer types. Innovations such as next- 
collateral damage and severe side effects [1-3]. generation tyrosine kinase inhibitors, monoclonal 
Targeted therapy represents a shift toward more antibodies, and antibody-drug conjugates have 
precise interventions that specifically address the demonstrated improved efficacy and specificity [13, 
molecular and genetic abnormalities driving cancer 14]. Additionally, the integration of advanced 
[4-6]. This approach involves the development of technologies like artificial intelligence and machine 
drugs and therapeutic modalities that selectively learning is accelerating the discovery of new 
target cancer-specific pathways, proteins, or genetic therapeutic targets and optimizing treatment 
mutations, thereby sparing normal cells and strategies [15, 16]. This review explores the latest 
reducing adverse effects [7, 8]. Precision medicine developments in targeted therapy within the 
further enhances the impact of targeted therapy by framework of precision medicine. It examines the 
tailoring treatments to the individual characteristics underlying mechanisms of targeted therapies, 
of each patient, including their genetic makeup, highlights recent breakthroughs and their clinical 
tumor profile, and overall health status [3, 9]. This applications, and addresses the challenges and 
personalized approach allows for the identification of limitations associated with this approach. By 
the most effective therapies based on detailed providing a comprehensive overview of current 
molecular diagnostics, improving treatment advancements and future directions, this article aims 
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treatment and paving the way for more effective and 
personalized therapeutic options. 


MECHANISMS OF TARGETED THERAPY 


Targeted therapies are designed to interfere with 
specific molecular targets involved in cancer 
progression. These include: 

Small Molecule Inhibitors 
Small molecule inhibitors are designed to block the 
activity of specific proteins involved in cancer cell 
proliferation and survival. Examples include 
tyrosine kinase inhibitors (TKIs) like imatinib, 
which targets the BCR-ABL fusion protein in 
chronic myeloid leukemia (CML) [5, 17]. 

Monoclonal Antibodies 

Monoclonal antibodies are designed to bind to 
specific antigens on cancer cells, thereby inhibiting 
tumor growth or facilitating immune-mediated 


destruction. Examples include trastuzumab, which 
targets HERZ2 in breast cancer [18]. 
Antibody-Drug Conjugates (ADCs) 

ADCs combine the targeting capabilities of 
monoclonal antibodies with cytotoxic drugs, 
delivering potent chemotherapy directly to cancer 
cells. An example is brentuximabvedotin, which 
targets CD30 in Hodgkin lymphoma [19]. 

Gene Editing and RNA-Based Therapies 
Technologies such as CRISPR/Cas9 and RNA 
interference are used to modify specific genetic 
sequences or silence aberrant gene expression, 
offering potential for personalized cancer treatment 
[20]. 


APPLICATIONS OF TARGETED THERAPY IN PRECISION MEDICINE 


The application of targeted therapy is increasingly 
guided by precision medicine principles, which 
involve tailoring treatments based on detailed 
molecular profiling of individual tumors. 

Genomic Profiling: Genomic profiling involves 
sequencing the DNA of cancer cells to identify 
genetic mutations and alterations that drive tumor 
growth. This information helps in selecting targeted 
therapies that specifically address these alterations. 
Biomarker Identification: Biomarkers are used to 
predict a patient’s response to specific therapies. For 
instance, the presence of the EGFR mutation in non- 
small cell lung cancer (NSCLC) guides the use of 
EGFR inhibitors like erlotinib. 


Personalized Treatment Plans: Precision medicine 
enables the development of individualized treatment 
plans based on a patient’s genetic, molecular, and 
clinical profile. This approach enhances treatment 
efficacy and minimizes adverse effects. 

Combination Therapies: Combining targeted 
therapies with other modalities, such as 
immunotherapy or conventional chemotherapy, can 
enhance treatment outcomes. For example, 
combining a BRAF inhibitor with MEK inhibitors 
has shown improved results in melanoma with 
BRAF mutations [21-25]. 


RECENT BREAKTHROUGHS IN TARGETED THERAPY 


Recent advancements in targeted therapy have led to 
significant improvements in cancer treatment. New 
generation inhibitors with enhanced specificity and 
reduced resistance profiles are being developed. 
Examples include second- and third-generation 
TKIs for NSCLC with EGFR mutations.New ADCs 
with improved linkers and cytotoxic agents are 
being developed to enhance therapeutic efficacy and 
reduce off-target effects. For instance, novel ADCs 
targeting different tumor antigens are in clinical 


trials.CRISPR/Cas9 technology is being utilized to 
target and modify specific genetic mutations in 
cancer cells, offering potential for precision-based 
treatments [20, 26]. Clinical trials are exploring its 
application in various cancers.RNA-based therapies, 
such as small interfering RNAs (siRNAs) and 
antisense oligonucleotides, are being developed to 
target specific oncogenes and reduce tumor growth. 
These therapies offer a novel approach to 
personalized cancer treatment [27]. 


CHALLENGES AND LIMITATIONS 


Despite significant progress, several challenges 
remain in the field of targeted therapy. 

Resistance Mechanisms: Cancer cells can develop 
resistance to targeted therapies through various 
mechanisms, such as secondary mutations or 
activation of alternative pathways. Overcoming 
resistance remains a critical area of research. 
Adverse Effects: While targeted therapies are 
generally more selective than traditional treatments, 
they can still cause adverse effects, including off- 


target toxicity and immune reactions. Managing 
these effects is essential for patient safety. 
Accessibility and Cost: The high cost of targeted 
therapies and the need for specialized testing and 
facilities pose barriers to widespread access, 
particularly in low-resource settings. 

Evolving Tumor Heterogeneity: Tumors can 
exhibit significant heterogeneity, with different 
subclones having distinct molecular profiles. This 
heterogeneity can complicate treatment strategies 
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[28]. 


FUTURE DIRECTIONS IN TARGETED THERAPY 


The future of targeted therapy is poised to be shaped 
by several emerging trends. 

Integration of Artificial Intelligence: AI and 
machine learning are being utilized to analyze large 
datasets, predict treatment responses, and identify 
new therapeutic targets, potentially accelerating 
drug discovery and development. 

Expansion of Precision Oncology: Continued 
advancements in genomic and molecular 
technologies will expand the scope of precision 
oncology, enabling more precise and effective 
treatments for a broader range of cancers. 


Development of Novel Therapeutic Modalities: 
Innovative approaches, such as bispecific antibodies 
and targeted nanomedicines, are being explored to 
enhance the specificity and efficacy of targeted 
therapies. 

Personalized Combination Strategies:Combining 
targeted therapies with other treatment modalities, 
based on individual tumor profiles and patient 
characteristics, holds promise for achieving more 
comprehensive and durable responses [29-33]. 


CONCLUSION 


Advances in targeted therapy and precision medicine 
have significantly transformed cancer treatment, 
offering more personalized and effective options for 
patients. While challenges remain, ongoing research 
and innovation are expected to address these 
limitations and further enhance the impact of 


targeted therapies. The future of cancer treatment 
lies in the continued integration of precision 
medicine approaches, innovative therapeutic 
modalities, and advanced technologies, ultimately 
leading to improved outcomes and quality of life for 
cancer patients. 
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